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(57) Abstract: A two-step radial expansion process. 
A first tubular member , (6530) is radially expanded 
into contact with the interior surface of a second 
tubular member (6550). Both tubular members are then 
radially expanded. 
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AMENDED CLAIMS 
[received by the International Bureau on 18 December 2000 (18.12.00); 
new claims 8*63 added; remaining claims unchanged (12 pages)] 



An expandable tubular member, including: 

a first tubular section having a first outer diameter; 

an intermediate tubular section coupled to the first tubular section having an 

intermediate outer diameter; and 
a second tubular section having a second outer diameter coupled to the 

intermediate tubular section having a second outer diameter; 
wherein the first and second outer diameters are greater than the intermediate 

outer diameter. 



10 2. A method of fabricating an expandable tubular member, comprising: 

providing a tubular member having a first end, a second end, and an 

intermediate portion; and 
radially expanding the first end and the second end of the tubular member. 

15 3. An apparatus, comprising: 

a tubular member formed by the process of radially expanding an unexpanded 
tubular member into contact with an approximately cylindrical passage 
using an expansion cone, the unexpanded tubular member including: 
a first tubular section having a first outer diameter; 
20 an intermediate tubular section coupled to the first tubular 

section having an intermediate outer diameter; and 
a second tubular section having a second outer diameter coupled 

■ * ■ ' 

to the intermediate tubular section having a second outer 
diameter; 

25 wherein the first and second outer diameters are greater than the 

intermediate outer diameter. 
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4. A method of joining a first tubular member to a second tubular member, 
comprising; 

positioning at least a portion of the second tubular member within the first 
tubular member; 

radially expanding at least a portion of the second tubular member into 

contact with the first tubular member; and 
radially expanding the first and second tubular members; 
wherein the interior diameter of the radially expanded second tubular member 

is substantially equal to the interior diameter of the radially 

unexpanded portion of the first tubular member, 

5. A tubular member, comprising: 
a first tubular member; and 

a second tubular member coupled to the first tubular member; 
wherein the first and second tubular members are coupled by the process of: 
positioning at least a portion of the second tubular member within the 

first tubular member; 
radially expanding at least a portion of the second tubular member into 

contact with the first tubular member; and . . 
radially expanding the first and second tubular members; 
wherein the interior diameter of the radially expanded second tubular 
member is substantially equal to an interior diameter of the 
radially unexpanded portion of the first tubular member. 
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6. A tubular member, comprising: 
a first tubular member, including: 

an upper portion having an upper wall thickness; and 
a lower portion having a lower wall thickness; and 
5 a second tubular member coupled to the lower portion of the first tubular 

member; 

wherein the interior diameters of the upper portion of the first tubular 
member and the second tubular member are substantially equ al . 

10 7. An apparatus, comprising: 

a first tubular member; 

a second tubular member positioned in overlapping relation to the first tubular 
member; 

an expansion mandrel positioned within the first tubular member including 
1 5 or more outer surfaces for radially expanding the first and second 

tubular members; 

a support member coupled to the expansion mandrel for supporting the 
expansion mandrel; 

a first fluid conduit positioned within the expansion mandrel and the support 
20 member; 

a packer sealingly coupled to the first tubular member and slidingly and 

sealingly coupled to the support member; 
a second fluid conduit coupled to the packer; and 

■» • * .,' . ' t , • •< * 

a pump fluidicly coupled to the second fluid conduit. 

25 
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8. An expansion cone for expanding a tubular member, comprising: 
a housing including a tapered first end and a second end- 
one or more grooves formed in the outer surface of the tapered first end; and 
one or more axial flow passages fluidicly coupled to the circumferential 
grooves. 



9. The expansion cone of claim 8, wherein the grooves comprise circumferential 
grooves. 

10. The expansion cone of claim 8, wherein the grooves comprise spiral grooves. 

1 1 . The expansion cone of claim 8, wherein the grooves are concentrated around 
the axial midpoint of the tapered portion of the housing. 



12. The expansion cone of claim 8, wherein the axial flow passages comprise axial 
grooves. 

13. The expansion cone of claim 12, wherein the axial grooves are spaced apart by 
at least about 3 inches in the circumferential direction. 

14. The expansion cone of claim 12, wherein the axial grooves extend from the 
tapered first end of the body to the grooves. 



15. The expansion cone of claim 12, wherein the axial grooves extend from the 
second end of the body to the grooves. 

16. The expansion cone of claim 12, wherein the axial grooves extend from the 
tapered first end of the body to the second end of the body. 
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17. The expansion cone of claim 8, wherein the flow passages are positioned within 
the housing of the expansion cone. 

18. The expansion cone of claim 17, wherein the flow passages extend from the 
tapered first end of the body to the grooves. 

19. The expansion cone of claim 17, wherein the flow passages extend from the 
tapered first end of the body to the second end of the body. 

20. The expansion cone of claim 19, wherein the flow passages extend from the 
second end of the body to the grooves. 

* • ■ ■' ' • * ' 

21. The expansion cone of claim 19, wherein one or more of the flow passages 
include inserts having restricted flow passages. 

» * r 

f 

» 

22. The expansion cone of claim 19, wherein one or more of the flow passages 
include filters. 

* > 

23. The expansion cone of claim 8, wherein the cross sectional area of the grooves 
is greater than the cross sectional area of the axial flow passages. 

24. The expansion cone of claim 8, wherein the cross-sectional area of the grooves 
ranges from about 2X10* in 2 to 5X10* 2 in 2 . 

25. The expansion cone of claim 8, wherein the cross-sectional area of the axial 
flow passages ranges from about 2X10" 4 in 2 to 5X10* in 2 . 

26. The expansion cone of claim 8, wherein the angle of attack of the first tapered 
end of the body ranges from about 10 to 30 degrees. 
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27. The expansion cone of claim 8, wherein the grooves are concentrated in a 
trailing edge portion of the tapered first end. 

28. The expansion cone of claim 8, wherein the angle of inclination of the axial 
flow passages relative to the longitudinal axis of the expansion cone is greater than 
the angle of attack of the first tapered end. 

29. The expansion cone of claim 8, wherein the grooves include: 
a flow channel having a first radius of curvature; 

a first shoulder positioned on one side of the flow channel having a second 

radius of curvature; and 
a second shoulder positioned on the other side of the flow channel having a 

third radius of curvature. 

30. The expansion cone of claim 29, wherein the first, second and third radii of 

< 

curvature are substantially equal. 

31. The expansion cone of claim 8, wherein the axial flow passages include: 
a flow channel having a first radius of curvature; 

a first shoulder positioned on one side of the flow channel having a second 

radius of curvature; and 
a second shoulder positioned on the other side of the flow channel having a 

third radius of curvature. 

32. The expansion cone of claim 31, wherein the first, second and third radii of 
curvature are substantially equal. 

■ '• * ' 

33. The expansion cone of claim 31, wherein the second radius of curvature is 
greater than the third radius of curvature. 
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34. A method of lubricating the interface between a tubular member and an 
expansion cone having a first tapered end and a second end during the radial 
expansion of the tubular member by the expansion cone, wherein the interface 
between the tubular member and the first tapered end of the expansion cone includes 
a leading edge portion and a trailing edge portion, comprising: 

infecting a lubricating fluid into the trailing edge portion. 

35. The method of claim 34, wherein the lubricating fluid has a viscosity ranging 
from about 1 to 10,000 centipoise. 



36. The method of claim 34, wherein the injecting includes: 

injecting lubricating fluid into the first tapered end of the expansion cone. 

37. The method of claim 36, wherein the injecting includes: 

injecting lubricating fluid into the area around the axial midpoint of the first 
tapered end of the expansion cone. 

38. The method of claim 34, wherein the injecting includes: 
injecting lubricating fluid into the second end of the expansion cone. 

39. The method of claim 34, wherein the injecting includes: 

injecting lubricating fluid into the tapered first end and the second end of the 
expansion cone. 

40. The method of claim 34, wherein the injecting includes: 
injecting lubricating fluid into the interior of the expansion cone. 

41. The method of claim 34, wherein the injecting includes: 

injecting lubricating fluid through the outer surface of the expansion cone. 
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42. The method of claim 34, wherein the injecting includes: 

injecting the lubricating fluid into a plurality of discrete locations along the 
trailing edge portion. 

43. The method of claim 34, wherein the lubricating fluid comprises: 
drilling mud. 

44. The method of claim 42, wherein the lubricating fluid further includes; 
TorqTrim HI; 

EP Mudlib; and 
DrillN-Slid. 

45. The method of claim 34, wherein the lubricating fluid comprises: 
TorqTrim III; 

EP Mudlib; and 
DrillN-Slid. 

46. A method of removing debris formed during the radial expansion of a tubular 
member by an expansion cone from the interface between the tubular member and 
the expansion cone, the expansion cone including a first tapered end and a second 
end, the interface between the tubular member and the first tapered end of the 
expansion cone includes a leading edge portion and a trailing edge portion, 
comprising: 

injecting a lubricating fluid into the interface between the tubular member and 
the expansion cone. 

47. The method of claim 46, wherein the lubricating fluid has a viscosity ranging 
from about 1 to 10,000 centipoise. 

■ •: • f. • 
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48. The method of claim 46, wherein the injecting includes: 

injecting lubricating fluid into the first tapered end of the expansion cone. 

49. The method of claim 48, wherein the iiyecting includes: 

injecting lubricating fluid into the area around the axial midpoint of the first 
tapered end of the expansion cone. 

50. The method of claim 46, wherein the injecting includes: 
injecting lubricating fluid into the second end of the expansion cone. 

51. The method of claim 46, wherein the injecting includes: 

injecting lubricating fluid into the tapered first end and the second end of the 
expansion cone. 

52. The method of claim 46, wherein the injecting includes: 
injecting lubricating fluid into the interior of the expansion cone. 

53. The method of claim 46, wherein the injecting includes: 

injecting lubricating fluid through the outer surface of the expansion cone. 



54. The method of claim 46, wherein the lubricating fluid comprises: 
drilling mud. 

55. The method of claim 64, wherein the lubricating fluid further includes: 
TorqTrim IH; 

BP Mudlib; and 
DrillN-Slid. 
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56. The method of claim 46, wherein the lubricating fluid comprises: 
TorqTrim EE; 
EP Mudlib; and . 
DrillN-Slid. 



57. A tubular member, comprising: 
an annular member, including: 

a wall thickness that varies less than about 8 %; 
a hoop yield strength that varies less than about 10 %; 
imperfections of less than about 8 % of the wall thickness; 
no failure for radial expansions of up to about 30 %; and 
no necking of the wails of the annular member for radial expansions of 
up to about 25%. 

58. A wellbore casing, comprising: 

one or more tubular members, each tubular member including: 
an annular member, including: 
a wall thickness that varies less than about 8 %; 
a hoop yield strength that varies less than about 10 %; 
imperfections of less than about 8 % of the wall thickness; 
no failure for radial expansions of up to about 30 %; and 
no necking of the walls of the annular member for; radial expansions of 
up to about 25%, 
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A method of forming a wellbore casing, comprising: 
placing a tubular member and an expansion cone in a wellbore; and 
displacing the expansion cone relative to the tubular member; 
wherein the tubular member includes: 
an annular member, including; 
a wall thickness that varies less than about 8 %; 
a hoop yield strength that varies less than about 10 %\ 
imperfections of less than about 8 % of the wall thickness; 
no failure for radial expansions of up to about 30 %: and 
no necking of the walls of the annular member for radial expansions of 
up to about 25%. 



60, A method of selecting a group of tubular members for subsequent r adial 
expansion, comprising: 

radially expanding the ends of a representative sample of the group of tubular 
members; 

measuring the amount of necking of the walls of the radially expanded ends of 

the tubular members; and 
if the radially expanded ends of the tubular members do not exhibit ne cki ng 

for radial expansions of up to about 25%, then accepting the group of 

tubular members. 

■ .■ - i' 

61 . A method of selecting a group of tubular members, comprising: 

radially expanding the ends of a representative sample of the group of tubular 

members until each of the tubular members fail; 
if the radially expanded ends of the tubular members do not fail for radial 

expansions of up to about 30%, then accepting the group of tubular 

members. 
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62. A method of inserting a tubular member into a wellbore, comprising: 
injecting a lubricating fluid into the wellbore; and 

inserting the tubular member into the wellbore. 

63 . The method of claim 32 , wherein the lubricating fluid comprises: 
BAKO-LUB GOLD-SEAL™ brand drilling mud lubricant. 
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